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ABSTRACT

Objectives: Depression may be associated with an increased risk for dementia, although results
from population-based samples have been inconsistent. We examined the association between
depressive symptoms and incident dementia over a 17-year follow-up period.

Methods: In 949 Framingham original cohort participants (63.6% women, mean age � 79), de-
pressive symptoms were assessed at baseline (1990–1994) using the 60-point Center for Epi-
demiologic Studies Depression Scale (CES-D). A cutpoint of �16 was used to define depression,
which was present in 13.2% of the sample. Cox proportional hazards models adjusting for age,
sex, education, homocysteine, and APOE �4 examined the association between baseline depres-
sive symptoms and the risk of dementia and Alzheimer disease (AD).

Results: During the 17-year follow-up period, 164 participants developed dementia; 136 of
these cases were AD. A total of 21.6% of participants who were depressed at baseline devel-
oped dementia compared with 16.6% of those who were not depressed. Depressed partici-
pants (CES-D �16) had more than a 50% increased risk for dementia (hazard ratio [HR] 1.72,
95% confidence interval [CI] 1.04 –2.84, p � 0.035) and AD (HR 1.76, 95% CI 1.03–3.01,
p � 0.039). Results were similar when we included subjects taking antidepressant medica-
tions as depressed. For each 10-point increase on the CES-D, there was significant increase
in the risk of dementia (HR 1.46, 95% CI 1.18 –1.79, p � 0.001) and AD (HR 1.39, 95% CI
1.11–1.75, p � 0.005). Results were similar when we excluded persons with possible mild
cognitive impairment.

Conclusions: Depression is associated with an increased risk of dementia and AD in older men and
women over 17 years of follow-up. Neurology® 2010;75:35–41

GLOSSARY
AD � Alzheimer disease; CDR � Clinical Dementia Rating; CES-D � Center for Epidemiologic Studies Depression Scale; CI �
confidence interval; DSM-IV � Diagnostic and Statistical Manual of Mental Disorders, 4th edition; HR � hazard ratio; MCI �
mild cognitive impairment; MMSE � Mini-Mental State Examination.

Depression is associated with cognitive impairment in older adults1 and a 2001 meta-
analysis of case-control and prospective studies of the association between depression and
dementia concluded that history of depression approximately doubled the risk for demen-
tia.2 Indeed, there is evidence from clinical case-control studies for an association between
a baseline history of depression or depressive symptoms and the risk of dementia 10 or
more years later.3-5 Findings from longitudinal epidemiologic studies, however, are less
consistent, with some studies finding that depressive symptomatology was a risk factor for
dementia 3–7 years later,6-8 and others observing no association,9-11 or an association in
only selected subgroups.12-14 A number of factors may contribute to the inconsistency of
findings from longitudinal studies including the length of follow-up, age of study partici-
pants, methods of dementia diagnosis and depression screening, and whether or not poten-
tially confounding variables were controlled.
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This study examines the association be-
tween depressive symptoms at baseline and
risk of incident dementia over a 17-year
follow-up period in participants in the Fra-
mingham Heart Study.

METHODS Study sample. The Framingham Heart Study
is a longitudinal population-based cohort study of 5,209 subjects
(55% women) established in 1948. Since the study’s inception,
surviving cohort members have undergone regular biennial ex-
aminations. A dementia-free inception cohort was established in
1976–1978 when 3,183 subjects (1,361 men, 1,822 women,
mean age 71 � 8 years, range 55 to 88 years) were identified as
cognitively intact based on performance on a standardized neu-
ropsychological battery in 2,123 subjects,15 or on documented
normal cognitive status at subsequent examinations and record
review.

In 1990, at the start of the 22nd biennial examination cycle,
1,753 subjects from the original cohort were still alive. Of these,
1,166 (67%) attended the 22nd biennial examination and
among them, 949 (81%; 604 woman, 345 men) were dementia-
free and were assessed for depressive symptoms. These partici-
pants were followed for up to 17 years (average follow-up 8
years) for incident dementia and served as the study population
for this analysis.

Standard protocol approvals, registrations, and partic-
ipant consents. Data were obtained under a protocol ap-
proved by the Human Subjects Institutional Review Board of
the Boston University School of Medicine. Written informed
consent was obtained from all participants.

Depressive symptoms. Depressive symptoms were evaluated
using the Center for Epidemiologic Studies Depression Scale
(CES-D),16 a 20-item scale consisting of 4 factors: depressive
affect, somatic complaints, positive affect, and interpersonal rela-
tions. Scores on the CES-D range from 0 to 60, with higher
scores reflecting greater depressive symptoms. Based on the
CES-D guidelines, a score of �16 was used to indicate high
depressive symptomatology.16

Treatment for depression with antidepressant medications
was documented at the baseline examination and included treat-
ment with selective serotonin reuptake inhibitors, monoamine
oxidase inhibitors, tricyclic agents, modified cyclics, and other
miscellaneous medications classified as antidepressants.

Incident dementia case ascertainment. Dementia case as-
certainment was conducted in a 2-step process which has been
described previously.17 In brief, participants are first screened
using the Mini-Mental State Examination (MMSE), which was
administered to all cohort members at each biennial examination
beginning at examination cycle 17 (1981). Potential cases were
flagged for further follow-up evaluation if their MMSE score fell
below age- and education-adjusted cutoffs, fell 3 points from the
immediate preceding examination, or fell 5 points across all ex-
aminations. Additional information was also used to supplement
MMSE scores in flagging possible cases of dementia for further
follow-up. This information included findings from the partici-
pant’s primary care physician or from medical records, findings
from ancillary neurologic studies (e.g., the Precursors of Stroke
Incidence and Prognosis Study), observations from clinic staff or
the examining physician at the regular biennial evaluations, self
or family report of change in cognitive status during regular tele-
phone health status updates, or concern regarding cognitive sta-

tus expressed by the participant or accompanying family
members during any point of contact with Framingham staff.
Any of these sources could trigger in-depth follow-up evaluation.

Participants with possible dementia underwent a neurologic
examination and 90-minute neuropsychological test battery.
Participants with signs of cognitive impairment were reexamined
approximately every 1–2 years to document progression to mod-
erate or severe dementia. All participants classified as having pos-
sible or probable dementia were reviewed by a panel consisting of
at least 1 neurologist and a neuropsychologist. Participants iden-
tified as having dementia satisfied the criteria of the DSM-IV,18

had dementia severity equivalent to at least 1.0 on the Clinical
Dementia Rating (CDR)19 scale, and exhibited symptoms of de-
mentia for at least 6 months. Participants identified as having
Alzheimer disease (AD) met the criteria of the National Institute
of Neurological and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Association for
definite, probable, or possible AD.20

Assessment of control variables. Demographic factors (age,
sex, and education), alcohol use (dichotomized into none/any),
and current smoking status (smoker, nonsmoker) were assessed
at baseline via questionnaire. History of stroke, diabetes, cardio-
vascular disease, and hypertension was assessed from clinical
records. Homocysteine levels were determined with the use of
high-performance liquid chromatography with fluorometric de-
tection.21 The coefficient of variation for this assay was 9%.22

The presence of particular alleles of apolipoprotein E genotype
was determined by means of isoelectric focusing of the plasma
and confirmed by DNA genotyping.23,24 Participants with an
APOE �4 allele (�2/�4, �3/�4, or �4/�4 genotype) were com-
pared to those without an APOE �4 allele. Waist-hip ratio was
calculated from measurements taken at the baseline clinical
examination.

Statistical analyses. Each participant contributed up to 17
years of follow-up from the baseline examination (cycle 22,
1990–1994) to the development of dementia or censoring (at
death, last evaluation, or year 2008). We considered 2 defini-
tions for clinical depression. The first was based on the CES-D
score alone and used 16 as the cutpoint for depression (�16 �

depressed). The second included participants who were taking
antidepressant medications in the group with depression, irre-
spective of their CES-D score. In order to ensure that our results
did not depend on the cutpoint used for the CES-D, and to
examine the association between incremental increases in depres-
sive symptoms and risk of dementia, we also calculated the risk
of dementia for each 10-point increase in the 60-point CES-D.
We used Cox proportional hazards regression models to com-
pare participants with and without depression with respect to the
development of incident dementia and to estimate the hazard
ratio (HR) associated with each 10-point increase in the CES-D.
Two main models were examined. Model 1 adjusted for age and
sex and model 2 further adjusted for education, homocysteine,
and APOE �4. In 2 supplemental models that built on model 1,
we also adjusted for major vascular risk factors (prevalent stroke
and history of diabetes, cardiovascular disease, and hypertension)
and for current smoking, alcohol use, and waist-hip ratio. We
confirmed that the assumption of proportionality of hazards was
met by including terms for interactions with follow-up time.
The risk of dementia is more likely to change as a function of age
than of calendar time; therefore, in our primary analyses, we
used age as the time scale, adjusting for left truncation at entry.
Survival age was defined as age at diagnosis of dementia in per-
sons who developed dementia or age at death if the person died
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free of dementia; the remaining subjects were censored at the last
age at which they had been verified to be free of dementia.

Based on previous findings that have reported effect modifi-
cation for the association between depression and dementia by
sex,13,14 APOE �4,25 and education,12 we also tested whether there
were significant interactions between depression and these 3 fac-
tors. We found a significant interaction between depression and
sex for the risk of dementia, but the interaction was dependent
on the definition of depression (CES-D score only, p � 0.063,
and CES-D score � antidepressant medication use, p � 0.033);

thus, we did not perform the analyses separately in men and

women.

RESULTS In this sample of 949 participants, the
mean age was 79 years (SD 5) and 63.6% were
women. The mean CES-D score of the sample at
baseline was 7.5 (SD 7.8) with 125 (13.2%) partici-
pants having a score of 16 or higher and being classi-
fied as depressed; an additional 39 (4.1%) were
depressed based on medication records. Baseline
characteristics of participants according to depression
status are presented in table 1. Depressed subjects
were significantly older, were more likely to be fe-
male, and were less likely to have education beyond
high school than patients who were not depressed.
Patients who were depressed were less likely to drink
alcohol and more likely to have a history of cardio-
vascular disease. Homocysteine level, waist-hip ratio,
current smoking status, and history of stroke, dia-
betes, or hypertension did not vary by depression
status.

During the 17-year follow-up period, dementia
developed in 164 subjects. After adjusting for demo-
graphic characteristics, homocysteine, and APOE �4,
depressed participants (CES-D �16) were more
than 1.5 times as likely to develop dementia (HR
1.72, 95% confidence interval [CI] 1.04–2.84, p �

0.035) than those who were not depressed (CES-D
�16) (table 2, dementia model 2). Similar results
were observed when we included antidepressant
medications in the definition of depression; de-
pressed participants were significantly more likely to
develop dementia (HR 1.67, 95% CI 1.05–2.66,
p � 0.031). We also examined the impact of each
10-point increase in depressive symptoms, using to-
tal CES-D score, on dementia risk and found a
nearly 50% increased risk of incident dementia (HR

Table 1 Baseline characteristics of participants according to CES-D
depression statusa

Depressive symptoms

pNo (n � 824) Yes (n � 125)

Age, y, mean � SD 79 � 5 81 � 6 0.017

Women 62 75 0.004

Education

No HS degree 3 7

HS degree only 26 40

Some college 37 33

College degree 35 20 �0.001

Current smoking 8.4 8.8 0.882

Any alcohol use 50 27 �0.001

Median homocysteine 11.0 12.1 0.064b

APOE �4 19 23 0.391

Prevalent stroke 5.2 5.6 0.859

History of diabetes 12.8 19.6 0.058

Stage 1� hypertension 72 72 0.903

History of CVD 29 46 �0.001

Waist-hip ratio, mean � SD 0.93 � 0.09 0.92 � 0.08 0.278

Antidepressant medications 3.4 8.8 0.005

Abbreviations: CES-D � Center for Epidemiologic Studies Depression Scale; CVD � cardio-
vascular disease; HS � high school.
a All values are percentages unless otherwise noted.
b Tested using log.

Table 2 Association between depressive symptoms and the risk of dementia and Alzheimer disease: The
Framingham Heart Study (original cohort)

Cases/N

Dementia AD only

Model 1 (164/949)a Model 2 (137/736)b Model 1 (136/949)a Model 2 (115/736)b

HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

CES-D >16 1.78 1.17–2.71 0.007 1.72 1.04–2.84 0.035 1.89 1.21–2.96 0.005 1.76 1.03–3.01 0.039

CES-D >16 or
antidepressant
prescriptionc

1.74 1.17–2.59 0.006 1.67 1.05–2.66 0.031 1.65 1.06–2.56 0.026 1.57 0.94–2.62 0.082

Continuous
CES-Dd

1.39 1.16–1.65 �0.001 1.46 1.18–1.79 �0.001 1.35 1.11–1.63 0.003 1.39 1.11–1.75 0.005

Abbreviations: AD � Alzheimer disease; CES-D � Center for Epidemiologic Studies Depression Scale; CI � confidence
interval; HR � hazard ratio.
a Model 1 adjusted for age and sex.
b Model 2 adjusted for age, sex, education, homocysteine, and APOE �4.
c Definition of depression based on CES-D score �16 or use of antidepressant medications.
d CES-D score examined in 10-point increments.
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1.46, 95% CI 1.18–1.79, p � 0.001) with each 10-
point increase on the 60-point CES-D.

Depression was also associated with an increased
risk for AD, which developed in 136 participants.
Specifically, depressed participants were more than
1.5 times as likely to develop AD compared to those
who were not depressed (HR 1.76, 95% CI 1.03–
3.01, p � 0.039; table 2, AD model 2) and for each
10-point increase in CES-D score there was a 40%
increased risk of AD (HR 1.39, 95% CI 1.11–1.75,
p � 0.005). When we included use of antidepressant
medications in the definition of depression, de-
pressed participants had more than a 50% increased
risk of developing AD compared to those who were
not depressed, although the association did not reach
statistical significance (HR 1.57, 95% CI 0.94–2.62,
p � 0.082).

Results were similar when, in 2 supplemental
models building on model 1, which adjusted for age
and sex, we additionally adjusted for major vascular
risk factors (prevalent stroke and history of diabetes,
hypertension, and CVD) and for current smoking,
alcohol use, and waist-hip ratio. In the model ad-
justed for vascular risk factors, depressed participants
had a doubled risk for dementia (HR 2.01, 95% CI
1.20–3.31, p � 0.006; data not shown) and AD
(HR 1.97, 95% CI 1.15–3.39, p � 0.014) compared
to those who were not depressed. Similarly, when we
adjusted for current smoking status, alcohol use, and
waist-hip ratio, depressed subjects had a 80%
increased risk of dementia (HR 1.82, 95% CI 1.14–
2.89, p � 0.012) and AD (HR 1.83, 95% CI 1.11–
3.02, p � 0.017) compared to those who were not
depressed.

In order to account for the potential influence of
depressive symptoms in the prodromal stage of de-
mentia and to examine reverse causality, among the

949 subjects who did not have dementia, we further
excluded 67 participants with possible mild cognitive
impairment (MCI). Among the 882 participants
without possible MCI or dementia at baseline, a total
of 106 participants (72 women, 34 men) developed de-
mentia and 88 developed AD (57 women, 31 men). In
this more conservatively defined subsample, similar re-
sults were observed. Participants who were depressed,
defined as CES-D score �16 as well as defined as
CES-D score �16 or use of antidepressant medications,
were twice as likely to develop dementia (HR 2.10,
95% CI 1.16–3.81, p � 0.014, and HR 1.95, 95% CI
1.11–3.43, p � 0.020, table 3, dementia model 2) and
AD (HR 2.18, 95% CI 1.14–4.16, p � 0.019, and
HR 1.91, 95% CI 1.02–3.57, p � 0.042, table 3, AD
model 2) after adjusting for demographic factors, ho-
mocysteine, and APOE �4, compared to participants
who were not depressed. For each 10-point increase in
CES-D score, there was a 50% increased risk of demen-
tia (HR 1.50, 95% CI 1.16–1.93, p � 0.002) and a
40% increased risk for AD (HR 1.41, 95% CI 1.05–
1.88, p � 0.022). Results were similar when we ex-
cluded participants who developed dementia within 3
years of the depression measurement (n � 104; data not
shown).

DISCUSSION In a population-based cohort study,
depression was associated with a significantly in-
creased risk of incident dementia and AD in older
men and women over a 17-year follow-up period.
Being depressed nearly doubled the risk of dementia
and AD after controlling for age and sex. Results
were unchanged when we controlled for education,
homocysteine, and APOE �4 and when persons with
possible MCI were excluded.

Depression, characterized by a history of major
depression or high depressive symptomatology, has

Table 3 Association between depressive symptoms and the risk of dementia and Alzheimer disease among
participants without possible cognitive impairment at baseline: The Framingham Heart Study

Cases/N

Dementia AD only

Model 1 (106/882)a Model 2 (89/680)b Model 1 (88/882)a Model 2 (73/680)b

HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

CES-D >16 2.03 1.23–3.37 0.006 2.10 1.16–3.81 0.014 2.11 1.21–3.65 0.008 2.18 1.14–4.16 0.019

CES-D >16 or
antidepressant
prescriptionc

1.87 1.14–3.05 0.013 1.95 1.11–3.43 0.020 1.85 1.08–3.19 0.026 1.91 1.02–3.57 0.042

Continuous
CES-Dd

1.41 1.14–1.75 0.002 1.50 1.16–1.93 0.002 1.35 1.06–1.72 0.016 1.41 1.05–1.88 0.022

Abbreviations: AD � Alzheimer disease; CES-D � Center for Epidemiologic Studies Depression Scale; CI � confidence
interval; HR � hazard ratio.
a Model 1 adjusted for age and sex.
b Model 2 adjusted for age, sex, education, homocysteine, and APOE �4.
c Definition of depression based on CES-D score �16 or use of antidepressant medications.
d CES-D score examined in 10-point increments.
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been identified as a risk factor for both dementia and
cognitive decline in a number of previously pub-
lished studies.1-7 Inconsistency in results, however,
has been reported, particularly from prospective
studies.9-11 In addition, some studies have reported
significant differences in dementia risk only for spe-
cific subgroups related to education12 or sex.13,26 One
limitation of previously published prospective studies
of the association between depression and dementia
risk is relatively short follow-up periods following as-
sessment of depression. With few exceptions,6 studies
report �5 years of follow-up between the assessment
of depression and diagnosis of dementia.7,9,11,12 With
short follow-up times between the assessment of de-
pression and dementia diagnosis, it is difficult to de-
termine whether depression increases the risk for
dementia or depressive symptomatology is increased
as a result of the dementing process. Our findings
support previous work identifying depression as a
risk factor for dementia and AD, and extend this
finding to a follow-up period of up to 17 years.

It is unclear whether depression is a risk factor for
dementia or whether depressive symptoms are an early
sign of dementia pathology.8,9,12 Causality is difficult to
resolve and the methods by which it is examined vary
among previously published studies on the association
between late-life depression and the risk of dementia. A
number of studies have excluded subjects with MCI,
based on MMSE scores, to account for depression as a
prodromal sign of dementia.12 Other studies address
causality through statistical modeling (e.g., controlling
for baseline cognitive performance).6 Due to the careful
case ascertainment and defining of the date of dementia
onset, we did not exclude participants based on MMSE
scores from our main analyses. However, results were
consistent when we excluded the subgroup of partici-
pants with possible MCI, addressing the issue of reverse
causality and suggesting that depression in these partici-
pants was not associated with early clinical dementia.

There are a number of mechanisms by which de-
pression may impact the risk of dementia. Chronic
inflammatory changes which occur in depression,
potentially as a result of stress, may contribute to the
development of dementia and AD.27 In particular,
interleukin-6, C-reactive protein, and tumor necrosis
factor–� are increased in persons with depression
and may also be associated with an increased risk for
dementia.28,29 Brain-derived neurotrophic factor, a
neurotrophin that may be involved in synaptic plas-
ticity, is decreased in depression, and low levels of
brain-derived neurotrophic factor are also associated
with dementia, particularly AD.30,31

Depression may also be associated with vascular
factors as described by the vascular depression hy-
pothesis, which postulates that vascular pathology

contributes to the pathogenesis of depression in late
life.32 Indeed, cerebrovascular disease, observed in
neuroimaging studies and controlled for white mat-
ter lesion severity,33 and increased arterial stiffness,
assessed using carotid artery distensibility and pulse
wave velocity,34 have been observed in patients with
depressive symptoms in large epidemiologic studies.
However, controlling for major vascular risk factors
did not change our results.

Several lifestyle factors associated with longstand-
ing depression, such as diet, physical activity, and
social engagement, may increase the risk for demen-
tia. Population-based epidemiologic studies have
shown that vitamin B12 deficiency and high levels of
homocysteine are associated with depression in older
adults and with an increased risk for dementia and
AD.35,36 A bidirectional association between physical
activity and depression has been suggested, with
some finding that physical activity declines as a result
of depression37 and others suggesting that change in
activity is a potential risk factor for depression.38

Change in physical activity may also be a marker of
depression. Depressed persons may decrease their
levels of social engagement, which is also associated
with an increased risk for dementia.39

This study has a number of strengths, including a
population-based cohort design with up to 17 years
of follow-up for incident dementia and rigorous de-
mentia case ascertainment methods. The cohort is
well-characterized with respect to cognitive and
health factors; thus, we were able to control for a
number of potentially confounding factors. The lim-
itations of this study include the lack of inclusion of
diverse ethnic/racial groups and of psychiatric docu-
mentation of the presence or absence of depression.
We were unable to examine the duration of depres-
sive symptoms and did not have information on ad-
herence to treatment with antidepressants. We were
also unable to exclude the possibility that depression
allows for earlier detection of dementia and we could
not control for white matter changes since there was
no systematic MRI measurement of the cohort at the
time depression was assessed. In addition, we could
not control for physical activity, social engagement,
or sleep patterns, which are associated with the risk
for dementia and may be altered in depression. As
with all longitudinal studies, the follow-up popula-
tion reported here is younger and healthier than the
baseline original Framingham Heart Study cohort.
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